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In  November,  19o  9,  the  Noguchi  modification  of  the  Wasser- 
mann complement fixation test for the diagnosis of lues was adopted 
as a  routine measure in the Laboratory of the Office of the Surgeon 
General of the  Army, and it is the purpose of the writer to give in 
detail the results obtained to date with this test, together with some 
general  deductions  concerning  the  use  of  the  test  in  the  diagnosis 
and  clinical  study of  the  disease.  The  Noguehi  modification  was 
adopted  after  a  careful  consideration  of  the  original  Wassermann 
test  and  other  modifications,  and  our  experience  with  it  has  been 
most favorable.  The results that we have obtained have been such 
that  we are  forced to believe that  most of the  adverse  criticism  of 
the method has resulted  from its improper use in the hands of those 
who  have  not  been carefully  trained  in  its  application,  and  it  will 
be evident from our results that this method of making the comple- 
ment fixation test is of the greatest value in routine diagnostic work 
in the military  service. 
Technique Employed.--The technique we have employed in mak- 
ing the test is largely that  recommended by Noguchi,  although  half 
of our tests have been made with liquid amboceptor, and all of them 
with  liquid  antigen.  However,  the  writer  has  used  antigen  dried 
upon filter paper in a  large number of tests with perfectly satisfac- 
tory results  and has  found that  amboceptor dried  upon  filter  paper 
gives as good results as does the serum, while it is much more stable. 
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The antigen  used has been an extract of luetic fetal liver in abso- 
lute  alcohol.  This  antigen  has  proven  most  satisfactory,  but  in 
using it we have always inactivated the serum to be tested, for in a 
few parallel cases tested with active and inactive serum, we found 
that  erroneous results  were obtained  a  few times  with  the  active 
serum.  As  a  matter of  fact,  receiving our  specimens,  as  we do, 
from army posts scattered all over the United States,  most of the 
serum reaching us is already inactivated. 
The complement used has been guinea-pig serum, while the ambo- 
ceptor  was  prepared  by  immunizing  rabbits  to  human  red  blood 
corpuscles.  We have found that  four intraperitoneal injections of 
five cubic centimeters of washed human red corpuscles will give a 
hemolytic serum of such strength that when impregnated into filter 
paper, a piece five millimeters square will produce hemolysis of one 
cubic centimeter of a  one per cent.  suspension  of human red  cor- 
puscles.  The animals differ somewhat in the strength of the serum 
which  they  furnish,  but  if  the  sera  of  three  or  four  animals  be 
mixed, the resulting mixture will be found of suitable strength. 
The blood suspension  is prepared by adding one drop of blood to 
each  four  cubic  centimeters  of  salt  solution,  and  the  writer  has 
found that  a  suspension prepared  as  recommended by  Noguchi  is 
always satisfactory. 
The method of making the test and  the principles  involved will 
not be considered at this time, as they are familiar to all who are 
interested in the Wassermann reaction. 
The  writer  has  become  impressed  during  his  work  with  the 
quantitative  nature of this test, and in every instance in which anom- 
alous results have been obtained,  and such results have but  rarely 
appeared,  it has been found that the fault lay in some quantitative 
error made by himself, and not inherent in the method.  A  careful 
repetition of the test has always resulted in clearing up the difficulty 
and in demonstrating an error in the technique.  While this test is 
much more simple and practical than the original Wassermann test, 
it requires the utmost care in its application,  and it is  the writer's 
belief  that  it  should  be  done  only  by  trained  men  in  a  properly 
equipped  laboratory.  Phenomena  are  not  infrequently  observed 
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and  a  whole  series  of tests  may be rendered  valueless  by a  slight 
loss  of  strength  in  the  complement  or  by  a  deterioration  of  the 
antigen  or amboceptor.  All  of the  elements  used  in  the  test  have 
to  be titrated  frequently,  and  such  titration  is  possible  only  when 
the observer is trained  in this line of work. 
The tests made in this laboratory may be divided into the  follow- 
ing classes: Group I.  Cases in which the clinical diagnosis was lues 
or suspected lues, or in which there was a  history of previous infec- 
tion  (this  includes  latent  cases).  Group  II.  Cases  in  which  the 
clinical symptoms or diagnosis were of some other disease.  Group 
III.  Cases known not to be luetic in nature. 
The  total  number  of  individuals  examined  to  September  12, 
191o,  has  been  639,  of  which  319  were  positive,  and  32o  were 
negative.  It  may  here  be  stated  that  no  case  has  been  termed 
positive  unless  there  was absolute  inhibition  of  hemolysis.  Weak 
and partial reactions have occurred, but they have been reported only 
where  the  effect  of  treatment  was requested,  never  where  a  diag- 
nosis of lues was in question.  By insisting upon absolute inhibition 
of hemolysis as indicating  a  positive reaction,  we have undoubtedly 
missed  some cases of lues,  but we have  not  felt justified  in  basing 
a  positive report upon anything  less. 
Group  I.  Cases  in  which  the  diagnosis  was  lues  or  suspected 
lues,  etc.--Of  this  group  of  cases,  391  were  examined,  of  which 
316,  or 80 per cent.,  gave positive results.  The  cases were divided 
as regards the stage of the disease as follows : 
Stage of disease.  No. of cases.  Positive.  Negative.  Per cent. positive. 
Primary  90  65  25  72. 
Secondary  163  143  20  87.7 
Tertiary  74  61  13  82. 
Latent  55  39  I6  72. 
Congenital  9  8  x  88.8 
Totals  391  316  75  8o 
Group  II.  Cases  in  which  the  diagnosis  or  clinical  symptoms 
were those of diseases other than lues.--Tests  were made upon  178 
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cases.  Of the three cases, two were suffering from malarial fever 
of tertian type, and the tests  were made during the  febrile stage; 
and one, from frambesia.  Both malarial patients became negative 
when the temperature reached normal.  Very weak reactions have 
been observed in a  few other cases, but they were so weak that they 
could never have caused any difficulty in interpreting the result, and 
as such reactions would never lead to a  positive report, we do not 
consider them of any clinical importance. 
Group III.  Cases  known not to be Iuetic in nature.--Tests have 
been made  (for experimental purposes)  upon seventy healthy indi- 
viduals in  whom lues could be positively excluded, and a  negative 
result was obtained in every instance. 
Analysis of the Results.--It will  be of interest to  consider our 
results a little more in detail and to compare them with those obtained 
by  other  investigators.  In  doing  this  we  will  first  consider  the 
results obtained in Group I, and later the results in the other groups 
mentioned. 
Group I.  Primary Stage.--We have made no  attempt to  sepa- 
rate our cases into groups in this stage, as has been done by Peder- 
sen, but we have considered all  cases as primary which have been 
tested  before  the  development  of  secondary  symptoms.  Of  our 
cases,  ninety  were  tested  during  the  primary  stage  of  lues,  of 
which sixty-five, or  72  per cent.,  gave a  positive reaction.  How- 
ever,  these figures  include several cases tested  within  a  few  days 
after the appearance of the initial lesion, too early for the reaction 
to  appear,  and several in which vigorous treatment had been pur- 
sued  for some time,  so that  subtracting  from the total  number of 
primary eases the fourteen of this character, we obtained sixty-five 
positive  reactions in  seventy-six cases,  or 85. 5  per  cent.  Table  I 
gives the results obtained by several other observers in the primary 
stage of the disease for purposes of comparison. 
From the above table it is evident that the percentage of positive 
results in primary lues varies from 38.6 per cent. to  IOO per cent., 
in the hands of various observers, while of the total number, 812, 
there were 575 positive reactions, or 70.8 per cent.  In most of the 
tests given in the table the technique employed was that of the orig- 
inal Wassermann test, and the differences between the results thus 730  Diagnosis  of  Lues  in  the  Military  Service. 
TABLE  I. 
Results of Complement  Fixation  Test in Primary Lues. 
Name  of observer.  No.  of cases.  Positive.  Per cent.  positive. 
Arning 
Bering 
Boardman 
Boas 
Bruck-Stern 
Detre-Brezowski 
Fischer- Meier 
Fox 
Grosset 
Hancken 
Hoehne 
Hoffman-Blumenthal 
Jesionek-Meirowsky 
Kaplan 
Lesser 
Marcus 
Meier 
Merz 
Miiller 
Noguchi 
Schonnefeld 
Swift 
48 
56 
13 
50 
27 
43 
8 
7 
20 
I7 
44 
12 
30 
I38 
56 
35 
25 
64 
14 
70 
19 
16 
25 
47 
6 
30 
13 
2I 
6 
7 
x9 
15 
17 
6 
2O 
I25 
39 
22 
I7 
48 
5 
65 
9 
13 
6o 
84 
46 
60 
48.5 
49 
75 
IOO 
95 
88 
38.6 
50 
66.6 
9  ° 
69 
63 
68 
~71.6 
145.5 
92.8 
47 
81 
Totals  812  575  7  ° . 8 
obtained and those in which the Noguchi technique is used will be 
considered later in this contribution, but it may be stated here that 
the  writer  believes  that  the  results  are  practically  identical  with 
both methods, with the advantage slightly in  favor of the Noguchi 
system. 
The  results  obtained  in  this  laboratory  are  in  agreement  with 
those obtained  elsewhere, sixty-five of our cases,  or  7  2  per  cent., 
in  the  primary  stage  giving  a  positive  result.  It  is  undoubtedly 
true that the percentage of positive results varies more in the pri- 
mary stage of lues than in any other,  and  for this there are many 
reasons, irrespective of the method employed.  Many of the nega- 
tive results are due to the  fact that the test is made at too early a 
period,  while  in  some  cases,  early  treatment,  if  vigorous,  will 
obscure  the  reaction.  In  untreated  cases  the  writer  has  twice 
observed a negative result followed by a  strong positive result within 
two weeks, and several in which a negative reaction was changed to 
a positive after the development of secondary symptoms. 
Time  of  Appearance  of  the  Reaction.--We  may here  consider Charles  F.  Craig.  731 
our results as regards the time of appearance of the reaction  in the 
primary cases.  In most of our cases the infection had  existed  for 
some time before the test was made,  for which reason  it is  impos- 
sible to state  definitely just when  the  reaction  became positive,  but 
in thirty-one  of our  cases which  were positive,  the  test  was  made 
within  thirty  days  after the  appearance  of the  initial  lesion.  The 
following table  (Table II)  gives our results in these cases. 
TABLE  II. 
Date of Appearance  of Positive Reaction  in  Thirty-one  Cases of Lues. 
Days after initial lesion.  No. of cases positive.  Days after initial lesion.  No. of cases positive. 
5 
8 
II 
I3 
14 
I7 
i8 
I9 
20 
2I 
22 
23 
25 
28 
29 
30 
It should be remembered that the reaction may have been present 
in any of the cases before we tested the blood, the table giving the 
first  examination  made  in  each  case.  From  the  table  it  will  be 
observed that  the  earliest  period  in  which  a  positive  reaction  was 
obtained  was  five days after  the  initial  lesion  was  first  noticed  by 
the  patient,  and  it  should  not  be  forgotten  in  considering  these 
figures that our index of a positive reaction was absolute inhibition 
of hemolysis.  Weak and partial  reactions were observed in several 
instances  within  from  seven  to  fifteen  days  after  the  appearance 
of the chancre,  but these have not been considered in the tabulation 
of our  cases.  Lesser  and  Levaditi  both  report  a  positive  reaction 
upon the eighth  day after the initial  lesion appeared,  but so  far as 
the writer knows, our case, in which a  positive result  was obtained 
upon the  fifth day after the chancre  appeared,  is  the  earliest  upon 
record.  In Boardman's cases the  reaction generally appeared within 
two or  three  weeks  after  the  chancre,  and this  has  also  been  our 
experience. 
If, as appears to be proven by Neisser's work with apes, the posi- 
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easy to understand why the reaction appears  much earlier in some 
patients  than  in  others,  and  also  why it  disappears  spontaneously 
in many instances.  In other words, the virulence of the virus and 
the reaction of the system to it will have much to do with the appear- 
ance and disappearance of the reaction.  While we have secured a 
positive reaction as  early as  five days after the appearance  of the 
initial lesion, we have observed a  negative result in luetic patients, 
who have never taken specific treatment, in whom the infection had 
existed  for as long as eight years.  Table  III gives our results  in 
seventy-one cases of lues in which the test was made thirty-one days 
or  longer  after  the  appearance  of  the  chancre.  None  of  these 
patients had been well treated with mercury. 
TABLE  III. 
Result  of  Complement  Fixation  Test  at  Various  Periods  after  Initial  Lesion. 
Days after initial  Positive.  Negative.  Days after initial  Positive.  Negative. 
lesion,  lesion. 
32 
33 
34 
35 
38 
4:2 
46 
49 
50 
55 
6o 
7o 
722 
87 
90 
99 
Ioo 
IiO 
I2O 
t44 
I 
I 
I 
2 
I 
2 
2 
I 
I 
I 
2  I 
~5o 
18o 
2IO 
27o 
300 
330 
365 
380 
547 
730 
919 
I,o95 
1,46o 
1,825 
2, I90 
2,555 
22,920 
3,653 
4,oi5 
It is interesting to observe that of seventy-one patients in whom 
a  clear history of lues could be obtained, and who were tested at a 
period later than one month after the appearance of the initial lesion, 
only five gave a negative reaction, while of thirty-six patients tested 
within  one  month after  the  appearance  of  the  chancre,  the  same 
number, five, gave a negative reaction.  In short, positive reactions Charles F.  Craig.  733 
are  more  numerous the  longer  the  infection  has  lasted,  and  this 
agrees with the results of every observer, without reference to the 
method employed in making the complement fixation test. 
Group I.  Secondary Stage.--We have tested 163  patients in the 
secondary stage of lues with a  positive result in  143  cases,  or 87. 7 
per  cent.  If  we  eliminate  from  this  class  the  patients  who  had 
received or  were  receiving specific treatment,  sixteen  in  number, 
we have remaining a total of 147 cases with 143  positive results, or 
97.2 per cent. 
The  results  of  several  other  investigators  who  have  examined 
luetic patients  in  the  secondary stage  of  the  disease  are given  in 
Table IV for purposes of comparison. 
TABLE  IV. 
Results  of Complement  Fixation  Test in Secondary  Stage  of Lues. 
Observer. 
Arning 
Bering 
Boardman 
Bruek-Stern 
Blumenthal-  Roseher 
Butler 
Fox 
Grosser 
Hoene 
Hoffman-Blumenthal 
Jesionek-Meirowsky 
Kaplan 
Lesser 
Ledermann 
Marcus 
Meier 
Merz 
Noguchi 
Sehonnefeld 
Swift 
1~To. of Cases  examined.  Positive. 
Io7 
H3 
26 
ii5 
131 
25 
37 
36 
376 
99 
93 
281 
204 
iio 
I4 
84 
377 
~97 
ii2 
76 
99 
III 
20 
IOI 
I30 
24 
36 
33 
260 
82 
90 
242 
X86 
108 
IO 
79 
366 
190 
II2 
70 
Per:cent. positive. 
93 
98 
77 
87.I 
99 
96 
97 
92 
79.I 
82 
96.7 
86 
9 x 
98 
7 I 
93 
97 
96 
ioo 
92 
Totals  2,613  2,349  89.8 
From  the  table it  will  be  seen  that  the  percentage  of  positive 
results in the secondary stage of lues varies,  according to different 
observers, from 71 per cent. to IOO per cent., the latter figure being 
recorded by only one observer.  In the tests tabulated, the original 
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tests,  and  it  will  be observed that  the  results  secured by the  latter 
and  our own  are  practically the  same  as  those  of  the  majority  of 
other observers.  It is also evident that the  secondary stage  of the 
disease  gives  a  positive  result  in  a  very large  proportion  of  cases, 
but it must be admitted that even here a  negative result is occasion- 
ally encountered. 
Group I.  Tertiary Stage.--We have tested seventy-four individ- 
uals in the tertiary stage of lues with a  positive result in sixty-one, 
or 82 per cent.  Some of these patients had had more or less specific 
treatment, and some of them were undergoing treatment at the time 
the test was  made,  but if we  should  eliminate these  from the total 
number,  so  few would be left that  the  figures would  have little,  if 
any,  significance.  It  should  be  understood,  therefore,  that  the 
figures as they stand  represent both treated and  untreated  cases. 
T]ble V  illustrates the results of other observers in this  stage  of 
the disease. 
TABLE  V. 
Results of the Complement Fixation  Test in  Tertiary Lues. 
Observer.  No. of cases examined.  Positive. 
Arning 
Bering 
Boardman 
Bruck-Stern 
Blumenthal-Roscher 
Butler 
Fleishman 
Fox 
Grosser 
Hoehne 
Hauck 
Heller 
Hoffmann-Blumenthal 
Jesionek-Meirowsky 
Kaplan 
Ledermann 
Lesser 
Ludke 
Merz 
Noguchi 
Swift 
Thomsen-Boas 
Totals 
3 ° 
45 
32 
47 
9 
I7 
4 I 
32 
I9 
33 
I3 
i8 
26 
48 
I9I 
78 
I3I 
I4 
i58 
i77 
45 
63 
1,267 
27 
37 
3  ° 
27 
9 
I6 
4o 
23 
II 
21 
Io 
I4 
23 
42 
14o 
75 
II 
127 
I59 
37 
61 
Uo59 
Per cent. positive. 
90 
82 
94 
57.4 
IOO 
94 
98 
7I 
57.8 
63.6 
77 
72.8 
88 
87.5 
73 
96 
9  ° 
79 
80.3 
89.9 
80 
96 
83.5 
From the table it is evident that the percentage of positive results 
in tertiary lues varies from 57-4 per cent. to IOO per cent., according Charles  F.  Craig.  735 
to various observers.  Our own results agree with those obtained 
by the majority of the investigators mentioned in the table.  With 
the exception of Noguchi, all of these used the Wassermann tech- 
nique. 
The great variation in the results,  obtained by some of the  ob- 
servers  mentioned,  may probably be  explained by  their  including 
under  the  heading of  tertiary lues,  (I)  cases  without  symptoms, 
those which had received or were receiving treatment, and (2)  cases 
in which no distinct tertiary lesions had ever appeared.  Until our 
statistics are based upon exactly similar cases we must expect great 
variation in the results of the test as reported by different observers. 
Thus Lesser found that of 131  patients in whom symptoms of this 
stage were present,  no less  than 9  °  per  cent.  gave a  positive reac- 
tion,  while  of  425  patients  in  whom  no  symptoms  were  present, 
only 46  per  cent.  were positive.  In our cases,  tertiary symptoms 
were present in nearly two-thirds. 
Group I.  Latent Lues.--Under this heading we have placed all 
cases in which no symptoms were present at the time of the exami- 
nation,  irrespective of treatment,  in  which a  clear history of lues 
could  be  obtained.  Of  the  fifty-five  individuals  in  this  class, 
twenty-nine, or  72  per  cent.,  gave  a  positive  reaction.  Table  VI 
TABLE  VI. 
Results of Complement Fixation Test in "Latent Lues. 
Observer.  No. of cases examined.  ]Positive.  Per cent. positive. 
Bering 
Boardman 
Butler 
Grosser 
Gross-Volck 
Hancken 
Fox 
Hauck 
Hoffmann Blumenthal 
Kaplan 
Ledermann 
Marcus 
Miiller 
Noguchi 
Swift 
Totals 
I47 
I8 
I5 
35 
35 
20 
54 
3  I 
23 
79 
78 
23 
8r 
265 
39 
943 
75 
9 
8 
I2 
6 
I3 
25 
23 
I2 
4  I 
36 
3 
29 
206 
25 
523 
48 
50 
53 
33.3 
x7 
65 
46 
74 
52 
5x 
46 
I3 
35.8 
77-7 
64 
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gives the results obtained by others in the same class of cases.  No 
attempt  was  made  to  divide  these  cases  into  early  and  late  latent 
cases. 
With  the  exception  of  Noguchi's  cases,  the  technique  employed 
in  most  of  those  tabulated  was  that  recommended  by  Wasser- 
mann.  It will be observed that there is a great variation in the per- 
centage of positive results obtained by these observers, as would be 
expected  when  one  considers  that  in  some  of the  cases  there  was 
only a  clinical  history  to  go upon  in  making  a  diagnosis,  and  the 
probability  that  in  many  of the  cases  examined  the  infection  had 
spontaneously  disappeared  or  specific  treatment  had  been  given. 
Comparing  our  results  with  those  obtained  by  the  majority  of 
observers  with  the  original  Wassermann  test,  it  will  be  observed 
that they are somewhat higher,  thus proving the greater delicacy of 
the  Noguchi modification in this class of cases. 
Group  I.  Congenital  Lues.--Our  tests  in  this  group  of  cases 
were few in number but the results obtained with the Noguchi modi- 
fication  agree  with  those  of  other  observers  who  have  used  the 
Wassermann technique.  We tested nine cases with a  positive result 
in  eight,  or  88.8  per  cent.  Table  VII  gives  the  results  of  other 
observers in  congenital  lues. 
With the exception of Noguchi's cases, all of the tabulated cases 
were tested  with  the  Wassermann  technique.  Comparing  our  re- 
sults  with  these  it  will  be observed that  they  were  practically  the 
same, i. e., eight positive reactions in nine cases, or 88.8 per cent. 
The Specificity  of  the  Test.--In  considering  this  portion  of our 
subject  we  shall  first  analyze  the  results  of  the  test  in  Groups  II 
TABLE  VII. 
Results of the Complement Fixation  Test in Congenital Lues. 
Observer.  No. of cases examined.  Positive.  Per cent. positive. 
Arning 
Fox 
Fischer-Meier 
Jesionek-Meirowsky 
Kaplan 
Noguchi 
Schonnefeld 
5 
! 
4 
x8 
20 
I7 
3 
3 
i 
3 
I6 
i8 
I7 
3 
60 
I oo 
75 
88.8 
9 ° 
Ioo 
ioo 
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and III.  In Group II, which includes all cases in which the clinical 
diagnosis was  other than lues,  or in  which the symptoms were c~f 
some other disease,  we examined  17  8  cases,  with a  positive  result 
in  three.  Two  of the  positive  results  were  obtained  in  malarial 
fever  of  tertian  type,  during  the  febrile  paroxysm,  the  reaction 
becoming  negative  when  the  temperature  reached  normal.  The 
other positive  result  was  obtained  in  a  case  of  frambesia,  but  the 
reaction was weak and would not, under ordinary conditions, have 
been reported as positive.  As is well known, the test as performed 
according to  Wassermann's  recommendations has  proven  positive 
in certain cases both of malaria and frambesia, so that these results 
cannot be considered as the fault of the Noguchi modification.  In 
eight cases of pellagra the test was absolutely negative. 
In Group III, or healthy individuals in whom lues could be abso- 
lutely excluded, we tested seventy individuals, with a negative result 
in  every instance.  The  test  was  made to  determine whether the 
Noguchi modification ever gave a positive result in such individuals 
and also to ascertain the keeping power of normal serum.  As the 
question  of  the  specificity of  the  Wassermann  reaction  is  of  the 
greatest practical importance it will be of interest to give here the 
results  obtained  in  this  direction  by  the  most  prominent  workers 
upon the subject.  Table VIII gives the result of the test in diseases 
other than lues. 
The technique used in the tests tabulated in Table VIII was that 
recommended by Wassermann,  and we believe that the results  we 
have obtained in this laboratory, i.  e., only three positive results in 
17  8 individuals examined, demonstrates that the Noguchi modifica- 
tion of the Wassermann test does not give positive results in nega- 
tive  cases save  in  rare  instances,  and  then  only in  the  same  class 
of cases as those in which the original Wassermann has given posi- 
tive results.  In leprosy, malaria, scarlet fever, and frambesia, both 
tests have given positive  results  in  a  small proportion of the cases 
examined, but such results do  not injure the great practical  value 
of the test in the diagnosis of lues.  A  few other conditions have 
been  observed  where  isolated  cases  were  positive,  but  we  should 
remember that  it  is  practically  impossible  to  be  sure that  any  of 
these patients  were  free  from luetic infection and,  therefore, it is Observer. 
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TABLE  VIII. 
The  Complement  Fixation  Test in  Diseases  other  than  Lues. 
Positive.  I  Nega- 
tive. 
Arning 
Bauer-Meier 
Bayot-Renaux 
Boardman 
Boas 
Bruns-Halberstaedter 
Citrou-Blaschko 
Fox 
Gozony 
Gross-Volk 
Hoehne 
Heller 
Hoffman-Blumenthal 
Ledermann 
Merz 
Schonnefeld 
Swift 
Torday 
Wassermann 
Totals 
No. of 
cases 
tested. 
85 
350 
220 
49 
485 
3 z 
z56 
23 
33 
63 
320 
IO 
35 
250 
347 
4z 
85 
ZOO 
Z,OIO 
3,693 
O 
0 
I 
0 
0 
2 
0 
2 
3 
0 
2 
2 
0 
0 
0  i 
0 
o  I 
I  z7 
738 
85 
346 
2I 9 
49 
484 
31 
x56 
2I 
33 
61 
3z7 
IO 
33 
248 
347 
4 z 
85 
ZOO 
I,OIO 
3,676 
Remarks. 
I  sepsis.  2 tuberculosis 
Carcinoma 
Scarlet fever 
2 leprosy, weak 
I diphtheria,  I  scarlet fever, both dying 
I  scarlet fever,  I papule, penis :  I  ulcer 
2 frambesia 
I  leprosy,  I  lues ? 
hardly  fair  to  urge  such  instances  as  weakening  the  value  of  the 
test.  We believe that it must be evident to any fair observer, from 
the statistics here given, that the Wassermann test is of the greatest 
value in the diagnosis of lues and  that  the  results secured with the 
Noguchi  modification  are  practically  the  same  as  those  with  the 
Wassermann technique. 
The diseases of non-luetic nature in which a  positive reaction has 
been  most  often  obtained  are  scarlet  fever  and  leprosy,  although 
Bohm  claims  to  have  obtained  sixteen  positive  reactions  in  forty- 
six patients  suffering  from malaria,  or 35.5  per cent.  As  regards 
leprosy,  it  has  been  observed  that  the  reaction  occurs  more  fre- 
quently in the tubercular form than  in the anesthetic or mixed,  and 
in this  form of the disease a  considerable number of positive reac- 
tions  have  been  reported.  According  to  3¢Iaslakowetz  and  Lieb- 
mann,  the percentage  of positive  results  in  leprosy varies  with  the 
antigen  used,  as they  found that  of sixteen cases tested with  alco- 
holic extract  of guinea-pig  heart,  nine  gave a  positive reaction;  of 
thirteen  cases  tested  with  alcoholic  extract  of human  heart,  seven Charles  F.  Craig.  739 
gave  a  positive  reaction;  while  of  eighteen  cases  tested  with  a 
watery extract of luetic liver, only one gave a  positive reaction. 
A  certain proportion  of sera  from scarlet fever patients  gives a 
positive reaction with the Wasserman test and the Noguchi modifi- 
cation,  the  percentage  varying  with  different observers,  but  here 
again it is probable that the character of the antigen used has much 
to do with the number of positive results.  Thus Hecht, Lateiner, 
and Wilenko tested Io  5 cases, using an alcoholic extract of guinea- 
pig heart, and obtained but one positive result; while Fua and Koch, 
using an alcoholic extract of luetic liver obtained forty-five positive 
results in 353 cases, or I2 per cent. 
Much more work needs to be done upon the nature of the antigen 
before we shall be in a position to explain the positive results obtained 
in diseases other than lues but we believe that  further research will 
undoubtedly result  in  knowledge which will  enable us  to  avoid  a 
positive  result in  all  such instances.  However,  the comparatively 
insignificant number of positive reactions obtained in  a  few easily 
recognized diseases does not render the test of any less value as a 
practical diagnostic measure, and it is more than probable that many 
of these positive results could have been avoided by more careful 
attention to the technique of the test.  A  large percentage of posi- 
tive results in non-luetic cases is certain proof of lack of knowledge 
or care in the application of the test, whether the original Wasser- 
mann technique be employed or the Noguchi modification. 
The  Test as a Control  of  Treatment.--Our  results have been of 
interest in showing the effect of treatment upon the reaction and we 
have  become convinced that  in  this  test  we have  a  very valuable 
index of the efficacy of specific treatment in this disease.  In Table 
IX  are given our  results  in  cases which were tested after specific 
treatment had been given, the table showing the length of time the 
patient had been taking treatment and the result of the test. 
This table is of interest both in showing how quickly the reaction 
may disappear  after  specific treatment is  instituted,  and  also  how 
long it may persist despite such treatment.  It will be observed that 
negative  results  were obtained  in  as  short  a  period  as  two  weeks 
after beginning treatmel~t, and that similar results were obtained in 
patients  treated  for  from one to  four months,  while no  less  than 740  Diagnosis  of  Lues  in  the  Military  Service. 
TABLE  IX. 
The  Result  of  Specific  Treatment  upon  the  Complement  Fixation  Test. 
_ T!me treated.  [No[.?f  - ca  ses.iPositive. 
2  weeks 
4  '~ 
6  t, 
8  t~ 
IO  ~t 
12  ~ 
I6  tt 
24  " 
28  " 
32  " 
36  " 
2  I 
I  0 
2  I 
I 
3 
4  i 
5  4 
i 
Negative.  I  Time treated. 
/  ,  r  4oweeks 
I  h  I  year 
i  ,,i  14 months 
I  ii  I s  t, 
O  ]l  I8  '' 
i  ~1  2  years 
o  ~i  3o months 
I  3  years 
2  8  " 
~I  li  I2" 
No. of cases. 
Z- 
3 
I 
2 
6 
I 
2 
i 
I 
Positive.  Negative 
I 
I 
I 
I 
2 
O 
I 
I 
Total cases with treatment,  52.  Positive,  32.  Negative,  2o.  Per cent.,  61. 
twelve of our negative  results  in  this  class  of cases were  obtained 
in  patients  who  had  been  under  treatment  for  less  than  one  year. 
This  fact demonstrates that a negative reaction in such cases cannot 
be  considered  as  an  indication  that  the  infection  is  cured,  for  if 
treatment be discontinued the reaction reappears.  It can, however, 
be  used  as  an  index  of  the  efficiency  of  the  treatment  employed. 
The  table  also  demonstrates  that  irregular  and  careless  treatment 
has  but  little  effect upon  the  reaction.  In  one  case,  the  injection 
treatment  had  been  used  at  intervals  for  two  years  but  the  blood 
serum gave a  strong positive reaction.  In two other cases, irregu- 
lar treatment  by the mouth had been pursued  for eight  and twelve 
years respectively, but both gave positive  reactions.  On  the  other 
hand,  one patient who had been carefully treated  for one year, gave 
a  negative  reaction,  and  was  still  negative  six  months  after  treat- 
ment  had  been stopped.  Negative  reactions  were also given  by a 
patient  treated  for  two  years,  and  by  another  who  had  received 
careful and continuous treatment  for three years.  We believe that 
a  positive result invariably indicates  the presence  of active disease, 
whether manifested by clinical symptoms or not, and that treatment 
should  be continued  until  the  reaction becomes permanently  nega- 
tive.  The  time  required  to accomplish  this  result  is very variable, 
as  one  patient  may  have  a  positive  reaction  turned  into  a  nega- 
tive one after only a  year's treatment,  while  others  will  still  show 
positive  reactions  after  three  years  or  more  of  careful  treatment. Charles  F.  Craig.  741 
_A single negative result is of no value as an index of cure,  but the 
test  should  be  repeated  several  times  at  intervals  of  two  to  three 
months,  the  patient  in  the  meantime  having  ceased treatment.  A 
negative result in the early period of the disease is of no importance 
as to cure but becomes more and more so, the later the stage of the 
disease, the longer the duration of treatment,  and when the findings 
are  repeatedly  negative.  It  is  evident  that  one  cannot  pursue  a 
routine practice  as  regards  the  dosage  or length  of treatment,  and 
that at  the  present  time  the  only  method  of  actually  determining 
the  efficacy  of  any  special  mode  of  treatment  is  the  application 
of  the  complement  fixation  test.  It  has  been  shown  by  Kirolyfi 
that the amount of mercury present in the blood of a patient taking 
specific treatment  has no  effect upon  hemolysis,  so that  a  negative 
result following a positive demonstrates that this drug has a  specific 
effect upon  the  luetic  bodies.  It  would also appear  to  prove  that 
it is not necessary for a  patient to stop treatment  in order to ascer- 
tain the status of his serum as regards the complement fixation test. 
In those infections in which no symptoms are present, the so-called 
"latent  cases,"  a  positive  reaction  should  always  be  followed  by 
specific treatment  and  such  treatment  continued  until  the  reaction 
remains negative after repeated examinations.  It is true,  however, 
that  some patients  never  give  a  negative  reaction,  no  matter  how 
long they may have been treated,  but  such  instances  are  rare,  and 
do not interfere  with the great usefulness of the test as a  guide to 
treatment,  and  we  believe  that  it  should  be  utilized  as  a  routine 
method of determining  the efficacy of treatment  in this  disease. 
It  should  be  remembered  that  in  the  early  stage  of the  disease 
the reaction,  if negative after a  short course of treatment,  generally 
becomes positive if  the  treatment  is  stopped,  and,  for this  reason, 
is not an indication  for the cessation of treatment. 
The  Interpretation  of  a  Positive  Reaction.--We  believe  that  a 
positive  reaction  should  be considered  as  one  of the  symptoms  of 
lues, but a  positive reaction alone is not conclusive evidence of the 
presence  of  this  disease,  neither  is  a  negative  reaction  conclusive 
as to the absence of the disease.  In view of the occurrence of the 
reaction in such conditions as leprosy, scarlet  fever,  frambesia,  etc., 
it  is evident that  we cannot  consider  it  as  absolutely diagnostic  of 742  Diagnosis  of  Lues  in  the  Military  Service. 
lues,  but the  presence  of the  reaction,  with  or  without  symptoms, 
in  the  absence  of any  other  disease  in  which  a  positive  result  has 
been obtained,  is sufficient to enable us to state that  lues is present. 
In countries  in  which leprosy and  frambesia  are  prevalent,  a  posi- 
tive  result  should  be  accepted  as  indicating  lues  only  when  it  is 
possible to exclude these diseases, unless characteristic  luetic symp- 
toms  are  present. 
In those cases in which, after the appearance of a suspicious initial 
lesion, a  negative reaction becomes positive, a  diagnosis of lues can 
be made without hesitation,  and  it is in just this class of cases that 
the test will prove of great value,  in that  it will enable us to begin 
specific treatment before the appearance of secondary symptoms. 
The  test  is  of  great  value  in  helping  us  to  reach  a  conclusion 
regarding  those cases in which atypical  symptoms are present,  and 
in  those  giving  a  history  of  infection  but  in  which  the  disease  is 
latent,  no symptoms being present.  A  positive  result  in  the  latter 
class of cases indicates that treatment is needed, while if it is repeat- 
edly negative,  it  indicates  that  the  infection  has  disappeared  or  is 
cured.  Here  again  it  is  necessary  to  exclude  such  conditions  as 
leprosy,  frambesia  and  scarlet  fever. 
While  some authorities,  as  Bering,  regard  the  test  as  absolutely 
specific,  we  believe that  it  is  yet  too  early  to  make  so  definite  a 
statement, but we do not believe that the fact that a positive reaction 
is sometimes obtained in such diseases as leprosy,  scarlet  fever and 
frambesia  lessens  its  value  from  a  practical  standpoint,  as  these 
diseases can be easily excluded,  and  in  scarlet  fever the  reaction is 
not  permanent.  The  writer  cannot  help  but believe that  many  of 
the positive results reported in conditions other than  lues have been 
due to giving weak and partial  reactions an exaggerated value, and 
it is believed that if absolute inhibition of hemolysis be insisted upon 
before considering a test as positive, it will be found that the reaction 
is practically specific. 
CONCLUSIONS. 
In the vast majority of cases examined in this laboratory the result 
of  the  Wassermann  test  was  simply  confirmatory  of  the  clinical Charles  F.  Craig.  743 
findings,  but  there  were  numerous  suspicious  cases,  or  cases  in 
which symptoms were present and the patient  denied a  specific his- 
tory,  in  which the test was of the greatest  value,  and  it  is  in  such 
instances,  perhaps,  that  it  may  be  regarded  as  "the  court  of  last 
resort"  in arriving at a  conclusion regarding  the nature of the con- 
dition  present.  Certainly  if  there  is  any  value  in  experience  and 
statistics, we are justified in regarding this test as the most valuable 
means  we possess of diagnosing  lues,  and  our  experience  with the 
Noguchi  modification  of  the  test  has  justified  all  that  has  been 
claimed  for that  method. 
We believe that  our  results  have  proven  that  by the  use of the 
complement fixation test in the military service it is possible to pre- 
vent  the  enlistment  of  men  suffering  from  latent  lues  who  would 
otherwise  be  enlisted;  to  control  specific treatment  by using  it  as 
an  index of the  efficiency of such treatment;  to clear  up  the  diag- 
nosis  of obscure or suspicious cases;  and  to  enable the  surgeon to 
avoid  mistakes  in  discharges  for  disability  in  cases  suspected  of 
this  disease. 
Owing  to  the  facility  with  which  clinical  observations  can  be 
made in armies, and the control that is possible of tested individuals, 
it  is to be hoped that  the  Noguchi  modification of the  complement 
fixation test will be more widely used than  it has  been in the mili- 
tary services,  for which we believe it is especially adapted.  So far 
as we are aware the Medical Department of our army is the first to 
adopt this test as a  routine  diagnostic  procedure and  to apply it  in 
the case of applicants  for enlistment. 
In  conclusion,  the  writer  desires  to  express  his  thanks  to  Dr. 
Noguchi  for the instruction  and advice so kindly given during  sev- 
eral  weeks spent  in  his  laboratory  at  the  Rockefeller Institute  for 
Medical  Research. 
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